%70

Preparation of Some Polymerizable Esters of 10-Hendecenoic (Undecylenic) Acid

By E. F. JORDAN, JR., AND DANIEL SWERN

As an extension of our work on the relationship
between the structure of long-chain unsaturated
esters and their polymerizability,%® we have pre-
pared a series of esters of 10-hendecenoic (un-
decylenic) acid with seven unsaturated alcohols,
and have briefly investigated the polymerizability
of the more reactive products. A search of the
literature revealed that none of the esters we
planned to prepare had been described, although
the vinyl* and allyl® esters have been mentioned
in patents.

Vinyl 10-hendecenoate was prepared by acid-
olysis of vinyl acetate with 10-hendecenoic acid in
the presence of mercuric acetate and 100%
sulfuric acid as catalysts.2%® The allyl, 2-chloro-
allyl, crotyl and 3-buten-2-yl esters were pre-
pared by direct esterification of 10-hendecenoic
acid with the appropriate alcohol, naphthalene-2-
sulfonic acid being employed as the catalyst and
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benzene as an entraining agent to remove the
water formed during the reaction.®%” The
methallyl and furfuryl esters were prepared by the

-alcoholysis of methyl 10-hendecenoate with the

appropriate alcohol, the corresponding sodium
alcoholate being employed as catalyst.%%"# The
yields and characteristics of the esters are sum-
marized in Table I. In general, yields were high.
The products were colorless, odorless, water-
insoluble, high-boiling liquids, with the exception
of furfuryl 10-hendecenoate, which was pale
yellow.

To obtain information regarding their poly-
merizability the vinyl, 2-chloroallyl, allyl and
methallyl esters were heated with small quantities
of benzoyl peroxide. Vinyl 10-hendecenoate was
heated at 100° in the presence of 1%, of benzoyl
peroxide as initiator. In less than one hour, con-
siderable insoluble material had formed, and within
two hours the product appeared to be completely
converted to a soft, crumbly, transparent gel. At
80°, approximately sixteen hours was required to
obtain complete gelation. Gelation was considered
complete when no liquid could be seen in the test
tube in which the polymerization was being carried
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TABLE I
CHARACTERISTICS OF UNSATURATED ALCOHOL EsTERS OF 10-HENDECENOIC Acip, CHy=~CH—(CH,)s—CO—0O—R

Todine
no.b
(Wijs, - Sapon. Carbon, Hydrogen,
1 hr.) equiv.b %°© %° Mol. refr.
0o =3 0 9" 0 ] o 0 !
Yield,*  Boiling point £ g2 & g B 8 g 2 n¥p E g
R % °C. Mm. & £ & & & & 8 £  (Abbe)d 4, & B
Vinyl 70 124-124.5 10 241 238 ... ... 74.2 74.6 10.5 10.6 1.4442 0.8799 63.0 63.5
Allyl 90 179.5-180 50 226 227 224 225 75.0 74.8 10.8 11.0 1.4448 .8802 67.6 67.9
2-Chloroally! 90 144,5-145.5 4.5 ... ... ... ... 65.0 64.7 8.96 9.24 1.4569 .9711 72.4 72.5
Methallyl (2-methylallyl) 70  151~152 10 213 214 238 239 75.6 75.8 11.0 10.8 1.4467 .8778 72.2 72.4
Crotyl 90 157-158 10.5 213 212 238 241 75.6 75.5 11.0 11.2 1.4488 8796 72.2 72.7
3-Buten-2-yl (1-methylallyl) 85 145-146 11 213 212 238 241 75.6 75.8 11.0 11.1 1.4417 .8700 72.2 72.6
Furfuryl 40 164-165 4.3 ... 264 261 72.7 72.5 9.15 8.94 1.4671 .9675 75.8 75.8
¢ Purified products after two vacuum distillations. ® Analyses by R. E. Koos, of the Oil and Fat Division of this
Laboratory. In the analysis of the vinyl ester, a 200%, excess of iodine chloride reagent was employed.? ¢ Analyses by

Mary Jane Welsh, of the Analytical and Physical Chemistry Division of this Laboratory.

out, and a small quantity of gel squeezed between
sheets of absorbent paper produced no oily stain.
2-Chloroallyl 10-hendecenoate was converted to a
soft, transparent, pale-yellow, crumbly gel when
heated for sixty-five hours at 50°, forty-eight
hours at 65-70°, and then for twenty-four hours
at 85°, in the presence of 0.5%, of benzoyl peroxide
as initiator. When allyl and methallyl 10-hendec-
enoates were similarly treated, they displayed
little tendency to polymerize, as evidenced by re-
duction in their iodine numbers of only about 10%,.

These four esters were also copolymerized with
vinyh acetate in the presence of 0.5%, of benzoyl
peroxide as initiator, according to a previously
described procedure.2? The copolymers ranged
from hard, glasslike, tough, insoluble resins from
1 to about 209, of hendecenoate; they remained
tough but became elastic in the range of from
20 to 409, of hendecenoate, and at higher contents
they became soft and crumbly. They were all
colorless except the chloroallyl hendecenoate—
vinyl acetate copolymer which was pale yellow
at 40 to 609 of hendecenoate. The insoluble
copolymers charred before melting when heated
on a spatula over an open flame. Of special
interest were the copolymers containing 20-40%,
of vinyl or 2-chloroallyl 10-heéndecenoate and
20% of allyl or methallyl 10-hendecenoate, since
these products were both tough and elastic.

Vinyl and 2-chloroallyl 10-hendecenoates show
a greater tendency to cross link than the corre-
sponding oleates,? which do not form gels even
when heated for about sixty hours at 100° in the
presence of 19, of benzoyl peroxide. ,

In view of the known lack of reactivity of
crotyl, 3-buten-2-yl and furfuryl esters in peroxide-
initiated polymerizations, no work was done on
them.

Experimental Details

All operations were conducted in an atmosphere of ni-
trogen.

Starting Materials.—Two kilograms of commercial 10-
hendecenoic acid was distilled through a fractionating
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column 4 feet long and 1 inch in diameter packed with 3/x-
inch glass helices. The main fraction was a colorless
liquid, b. p. 179-80° at 26.5 mm., n¥*p 1.4457 and m. p.
23.4-23.8° (1it.19 24.6°), which amounted to about 1350
g. and consisted of 10-hendecenoic acid of about 98-99%,
purity (iodine number: caled., 138; found, 137. Neu-
tralization equivalent: caled., 184; found, 186). This
was recrystallized from petroleum naphtha, hexane frac-
tion, boiling range, 63-70°, at —20° (4 ml. of solvent
per g. of solute), yielding 1050 g. of pure 10-hendecenoic
acid in the form of large, pearly flakes, m. p. 24.3-24.5°
(iodine number: found, 137. Neutralization equivalent:
found, 185). Methyl 10-hendecenoate was prepared
from the pure acid by refluxing it for four hours with a
500% molar excess of anhydrous methyl alcohol contain-
ing concentrated sulfuric acid (2% of the weight of 10-
hendecenoic acid) as catalyst. The reaction mixture was
poured into a large quantity of warm water, and the upper
layer was washed with water until free of sulfuric acid.
The crude ester was dried by heating to 100° under mod-
erate vacuum in a stream of nitrogen, and it was then
vacuum distilled. Pure methyl 10-hendecenoate, b. p.
142° at 26 mm. and #¥p 1.4349, was obtained in more
than 909, yield. (Iodine number: caled., 128; found,
127. . Saponification equivalent: caled., 198; found, 199.)

Vinyl acetate (stabilized) and allyl, 2-chloroallyl,
methallyl, crotyl, 8-buten-2-yl and furfuryl alcohols, the
purest commercial grades obtainable, were distilled im-
mediately before use through a fractionating column 40
inches long and 1 inch in diameter packed with */g-inch
glass helices. :

Esterification Procedures,—The methods described in
two previous papers®? were employed.

Polymerization of Vinyl, 2-Chloroallyl, Allyl and Meth-
allyl 10-Hendecenoates.—Benzoyl peroxide (0.5 to 1%
by weight of monomer) was added to freshly distilled
samples of each of the esters, contained in test-tubes, and
the polymerizations were conducted as described earlier
in the paper. A thermostatically controlled oven or oil-
bath was employed.

Copolymerization of 10-Hendecenoates with Vinyl Ace-
tate.—The copolymerizations were conducted as previously
described.»?

Summary

Seven esters of 10-hendecenoic (undecylenic)
acid, namely, vinyl, allyl, 2-chloroallyl, methallyl
(2-methylallyl), crotyl, 3-buten-2-yl and furfuryl
10-hendecenoate, have been prepared in good
yield from 10-hendecenoic acid or its methyl ester
and the appropriate alcohol. Some of their
characteristics have been determined.

The vinyl, 2-chloroallyl, allyl and methallyl
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esters were polymerized with benzoyl peroxide as
initiator. The first two esters were readily con-
verted to gels, whereas the last two showed rela-
tively little tendency to polymerize. Copoly-
merization of the esters with vinyl acetate over

the range of from one to forty per cent. hendecen-
oate yielded insoluble copolymers which ranged in
physical appearance from hard, glass-like resins
to soft, crumbly gels.
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